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Contributing to 

Landsat Image Data Quality for Scanning Sensors 
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Flow of Information from Landsat 
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Band 1 (500 to 600 nm) Spectral Characterization by Means and 
Standard Deviations: MSS-1, 2, 3, PF and F 
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Band 2 (600 to 700 nm) Spectral Characterization by Means and 
Standard Deviations: MSS-1, 2, 3, PF and F 
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Band 3 (700 to 800 nm) Spectral Characterization by Means and 
Standard Deviations: MSS-1, 2, 3, PF and F 
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Band 4 (800 to 1100 nm) Spectral Characterization by Means and 
Standard Deviations; MSS-1 , 2, 3, PF and F 
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Simulated MSS Band Mean Outputs to Soybean and Soil 

Targets: MSS-1, 2, 3, PF and F 
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NOTE: CALIBRATION DATA ARE ACQUIRED IN ALTERNATE MIRROR SWEEPS 


LANDSAT-D' fISS COHERENT NOISE 
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Landsat-4 Thematic Mapper (TM) 
Optical Path 
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Thematic Mapper Optical System (Modified 

Hughes Schematic). 
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LANDSAT-4 THEMATIC MAPPER INTERNAL CALIBRATION 

THREE LAMP OPTICS 
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Landsat-4 TM/PF Spectral Characteristics 
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Water Vapor Absorption Coefficients 



1000 10,000 
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Ice (Solid Water) Half-Thickness 
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Band 5 Characteristics on Landsat TM 
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Band 6 Characteristics on Landsat TM 







Light Leak in Band 1 
Landsat-D' TM/F Line Spread Function 
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TM Integrated Out-of-Band Responses in Relation 

to Specifications 
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DETECTOR RSR AND SOLAR IRRADIANCE CONSIDERED IN CALCULATION 


I* 

m* 





CM 

• 

CN 

CN 

o . 



0> 


sf- 

t— 

o 

O 

ID 



o 









u 

_ _ ^ 



* 


f— * 



D 









O 









00 

a 








-*-> 

2 








XJ 

< 








bO 

3 

m 

rr 

CO 

00 

1.2 

o 

LCD 

% 

O 



•4-* 

LU 

K 




O 

V 




-J 








•D 

LL 






i 


V 

s_ 

I- 








<u 

4-* 

•— H 

I 

e> 


CD 

o 

LTD 

CN 


1 

Ph 

_i 

CN 

CD 

CN 

• 

o 


I 

I 

0 

LU 



00 


\ 

CM 

i 

t 

4-i 

CJ 





CO 

" 

C/3 

a: 








<D 

C/3 

c 

=d 

o 








o 

C/D 








a 



O 

r>* 

CM 

CN 



C/3 

0) 


r~ 

6 

CN 

o 

o 






CN 


V 

\ 












03 









<D 








* 

Oh 

__ 

a 








Q y D ^ 






1 


2X0. 

. D 


CN 

co 




H 

< > f- C/D 

2 > 3 < 

r— 





2 O lu 






* ' 



2 

f— 


ft. 




D 

f- 


03 w 

Q g 

2 

-J tt> 

e. tu 
2 

< ^ 


X 


< 

Z) 


< £ 

s 


fy) ft* 

<N 


-j 6 

© 



A 



V5 



U 



■a 



3 


UJ 

*C 


a 

ca 

s 


* 5 x 

< E ^ 

w 


U3 J £ 
-) ft 6 

c/> 


CO 

<LI 

O 

2 

2 

a- 

< 


o 



to 


*Sb 



2 

So 


a; 

c 

u. 


«l 

H 


a, 

2 

IgS 

ra 

'J 


t UJ U1 

u* 

>> 



u 

?3 


< lT u. 
s^j » h“ *— 


<3 03 

3 02 


u 


£3 

Z 

< 

ca 

I 

U. 

-3 

< 


r" vo 

m — 

d o 


00 

o 


r* o 

(N oo 


— VO 
«N (N 


Tf VO 
<N — 


M VO 00 
i/l M •» 


® O 


O O 


o o 


o o o 


m 


tf tv; 

d o 


o 

rJ 


O O 
m C\ 


o 

tN m 


o o 


o o o 

VO <N 


o a 


a o 


o o 


a o o. 


m 

oo 


m 

T 


vo r-' 
vri , T 

T " 


q 

(N 


q rn 

cn rsi 


oo f". 

'T OV 


r- v© 
— <N 


o t - 

2! V £ 


i 


a 

0 

1 


z 

*»l 


z 

UJ 

r> 

z 

uj 


z 

UJ 


> 


> 

5 

> 

2 

> 


w 

1 

0 

1 

tu 

t 

o 

t 

UJ 

i 

0 

1 

UJ 

1 


1 

i 

fN 

1 

<N 

ro 

1 

m 

* 

1 

t 


v>) 




Out of-Band Filter Transmission Band 3 on 

Landsat TM 
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adiance of 3 Internal Black Body Temperatures 


PLACEMENT OF THE TM AND THE IS(122) ILLUSTRATING THE NEED FOR 
GOOD ALIGNMENT WHEN THE DISTANCE OF A IS LARGE 



THEMATIC MAPPER 



122cm Integrating Sphere Lamp Configurations 
by Radiance Level Landsat TM 




ILLUSTRATIVE TM/PF RADIOMETRIC ABSOLUTE DETECTOR CALIBRATION FOR 

CHANNEL 9 OF BAND 3 (624-693 nm) 




Band 1 Internal Calibrator Pulse Shapes 
Landsat-4 TM/PF (9 Mar 82, Vacuum) 



LOCATION {MINOR FRAMES) 




Band 5 Internal Calibrator Pulse Shapes 
Landsat-4 TM/PF (9 Mar 82, Vacuum) 



LOCATION (MINOR FRAMES) 






Radiometric Calibration - TM Landsat-4 

“Hughes Algorithm” 



50 v 100 150 

SAMPLE NUMBER, mf (RELATIVE MINOR FRAME NUMBER) 



POSTLAUNCH RADIOMETRIC CALIBRATION — TM LANDSAT-4 

TM1 CHANNEL 9 



PULSE VALUES USED IN COMPUTING PULSE AVERAGE. 
P, IN THE SCROUNGE SYSTEM. 





Pre-Launch Absolute Radiometric 
Calibration of Landsat TM by Channel 
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POST-LAUNCH RADIOMETRIC CALIBRATION OF LANDSAT TM 
TO UNIFORM GAIN AND OFFSET FOR EACH CHANNEL 

WITHIN A BAND 
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N.B. RMIN IS THE LARGEST MINIMUM RADIANCE OBSERVED IN THE BAND. 

RMAX IS THE SMALLEST MAXIMUM RADIANCE OBSERVED IN THE BAND. 
KG = GAIN AFTER CALIBRATION = 255/(RMAX-RMIN) 

KO = OFFSET AFTER CALIBRATION = 255 - (KG*RMAX) 


RELATIVE RADIOMETRIC PRECISION 
LANDSAT-A THEMATIC MAPPER 
PRE-LAUNCH SIGNAL-TO-NOISE RATIO (SNR) 
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Landsat-4 TM/PF Band 1 for Nominal Correction 
of In-Orbit Without Internal Calibration Pre- 
Launch Radiometric Calibration Parameters 
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Landsat-4 TM/PF Band 1 
Average, Standard Deviation and Coefficient of 
Variation for Radiometric Calibration Parameters 
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Landsat-4 TM/PF Band 2 for Nominal Correction 
of In-Orbit Without Internal Calibration Pre- 
Launch Radiometric Calibration Parameters 




Landsat-4 TM/PF Band 2 
Average, Standard Deviation and Coefficient of 
Variation for Radiometric Calibration Parameters 
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TM/PF Band 3 Radiometric Calibration 

Parameters 
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Land sat-4 TM/PF Band 3 
Average, Standard Deviation and Coefficient of 
Variation for Radiometric Calibration Parameters 
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Landsat TM/PF Band 4 Radiometric Calibration 

Parameters 
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Landsat-4 TM/PF Band 4 
Average, Standard Deviation and Coefficient of 
Variation for Radiometric Calibration Parameters 
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TM/PF BAND 7 DERIVED RADIOMETRIC CALIBRATION PARAMETERS 
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ILLUSTRATION OF "VACUUM SHIFT" FOR LANDSAT-4 TM/PF 


OF PDOii QUALITY 
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CORRECTION OE "VACUUM SlilET" WITH 3IC PULSE VALUES 
LANDSAT 4 TM PRELAUNCH 
(27 APRIL 1982 AMBIENT - 9 MARCH 1982 VACUUM) 
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Pre-Launch Radiometric Calibration — TM/PF 

Land sat-4 



OF POOR Q0AUT7 
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Pre-Launch Radiometric Calibration - TM 
Landsat-4 Ambient Gain Changes (ppt) Relative 

to March 9, 1982, Vacuum 
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Timing Locations on Main Shutter during Odd Numbered (Forward) Scans 
of Internal Calibrator (tC) on Landsat-4 Thematic Happer and 
Scrounge-ERA (1982-3983) Ground Processing IC Collect Windows 
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MF LOCATIONS FOR ODD-NUMBERED (FORWARD) SCANS 


(1) Collection of digital data for radiometric calibration of TM during 
the Scrounge-Era preprocessing by ADOS, 824mf (minor frames) of IC 
(Internal Calibrator) data are temporarily put in a buffer of a Macro Array 
Processor (MAPI). These calibration data are collected starting at minor 
f rame 6407, which is close to the end of the scene video data and the 
beginning of shutter obscuration. 200 of the 824mf are sent on to a Vax 
computer for use in radiometric calibration. 

For odd-numbered scans (forward sweeps of the TM scan mirror), these 200mf 
from the IC shutter are collected from three separate regions (windows). 
Labels and descriptions for the three collect windows from each forward 
scan are given below: 

BF-BDC This is a 24mf region of dark level background (BKG) taken 
on a forward scan before DC restoration begins. Prior to 
May 20, 1983, there was a single 52mf ADDS BKG collect 
window which started before DC restoration, at MF 6543. 

BF-ADC 28mf BKG taken after DC forward restoration ends. 

CALFWD This is a 148mf forward scan calibration (CAL) region 

containing the TM responses to light from the current 
configuration of the three IC lamps. Prior to December 22, 
1982, the 148mf CAL collect window started at MF 7009. It 
then began at MF 7029 until May 20, 1983, when it was 
changed to MF 7037. 

(2) MF (Minor Frame) locations were arrived at one of four ways: 

DEF By Definition 

NOM From nominal value of another variable 

DBS Observed from in-orbit digital data 

CALC Calculated from values of other MF locations and defined, 
nominal or observed relative differences 

(3) MSEC (Milliseconds) locations were calculated from MF locations 
assuming a nominal 9,611 microseconds per minor frame. 

(4) TRAPP is a TM Radiometric and Algorithmic Performance software program 
run on pre ^nd postlaunch tapes at the LAS Facility. 
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hF LOCATIONS FOR EVEN-NUMBERED (REVERSE) SCANS 


(1) Collection of digital data for radiometric calibration of TM during 
the Scrounge-Era preprocessing by ADDS, 824mf (minor frames) of IC 
(Internal Calibrator) data are temporarily put in a buffer of a Macro Array 
Processor (MAPI). These calibration data are collected starting at minor 
frame 6407, which is close to the end of the sc®<“c video data and the 
beginning of shutter obscuration. 200 of the 824mf are sent on to a Vax 
computer for use in radiometric calibration. 

For even-numbered scans (reverse sweeps of the TM scan mirror), these 200 
mf from the IC shutter are collected from three separate regions (windows). 
Labels and descriptions for the three collect windows from each reverse 
scan are given below: 

CALREV This is a I48mf reverse scan calibration (CAL) region 
containing the TM responses to light from the current 
Configuration of the three IC lamps. Prior to December 22, 
1982, the 148mf CAL collect window started at MF 6525. It 
then began at MF 6517 inti 1 May 20, 1983, when it was changed 
to MF 6513. 

BR-BDC This is a 28raf region of dark level background (BKG) taken on 
a reverse scan before DC restoration begins. 

BR-ADC 24mf BKG taken after X reverse restoration ends. This is 
the same shutter location as the 24mf forward BKG. Prior to 
May 20, 1983, there was a single 52mf ADDS BKG collect window 
which started after DC restoration, at MF 7089. 

(2) MF (Minor Frame) locations were arrived at one of four ways: 

DEF By definition 

N0M From nominal value of another variable 

0BS Observed from in-orbit digital data 

CALC Calculated from values of other MF locations and defined, 
nominal or observed relative differences. 

(3) MSEC (milliseconds) locations were calculated from MF locations 
assuming a nominal 9.611 microseconds per minor frame. 

4 

(4) TRAPP is a TM Radiometric and Algorithmic Performance software program 
run on pre and postlaunch tapes at the LAS Facility. 
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RADIOMETRtC MODEL FOR CHARACTER 11 LNG TM IMAGERY 
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MODEL FOR STEADY-STATE CORRECT LONS IN TM IMAGERY 
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DEFINITION OF LABELS FOR STEADY-STATE 
OF LANDSAT TM BY CAUSE 



For these 3 Causes, there are 2A possible conditions (states) 
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IN-ORBIT LANDSAT-4 TM RADIOMETRIC COHERENT NOISE 

(DIGITAL COUNTS) 
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See Table 2M, Barker, Abrams, Ball and Leung 
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An example of TH data for spectral hand 2 in CCT-AT format, unblocked. Note 
the duplication of DNs for channel 5 to replace defective data in channel 4. 
Note also the difference in DNs between forward and reverse scans resulting 
from the scan offset. 
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An example of TM data for spectral band 2 in CCT-AT format, unblocked 
internal calibration. 



BAND-AVERAGE COMPARISON OF DIFFERENT 
CALIBRATION METHODS 


pOOR 



LANDSAT-4 TM -CCT-AT - NOMINAL MINUS 1C HISTOGRAMS 
MEMPHIS TN (ID • 40037-16033) 72 AUG 1982 
START LINE (SL) - 3001, START SAMPLE ISS) « 2001 NL - 1024 

NS » 1024 
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Figure 2-26. Histograms showing the frequency of differences 
between images produced by two different TM calibration options. 
Compare with Figures 2-22 to 2-25. 
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